Introduction
Body composition changes during the aging process resulting in a decrease of total body water (TBW), bone mass, body cell mass and fat-free mass (FFM) (Steen, 1988; Baumgartner et al, 1995) . In the elderly population, the quantification of body weight into its fat and FFM components is important in order to describe excesses or deficiencies of fat and FFM that have significant associations with the risk for functional independence, diseases and survival. However, assessment of body composition in the elderly presents an interesting dilemma since changes in the aging body potentially affect the techniques that are used to detect them (Going et al, 1995) . Thus, there is a need for non-invasive and simple but reliable methods of measuring body composition in the elderly (Chumlea & Baumgartner, 1989; Kuczmarski, 1989) .
The bioelectrical impedance analysis (BIA) is a noninvasive, easily applicable, inexpensive and practical method to assess body composition in population studies (Lukaski et al, 1985) . However, the BIA is convenient to assess body composition in epidemiological studies only as far as population-specific prediction formulas are used (Deurenberg et al, 1989) . In the literature there are several prediction equations for BIA, generally developed from younger populations, and their accuracy in the elderly has not been adequately confirmed. Although age-specific prediction equations of BIA have been suggested for assessing body composition in the elderly (Broekhoff et al, 1992) , there exist few such equations developed from elderly populations (Deurenberg et al, 1990; Baumgartner et al, 1991; Svendsen et al, 1991; Roubenoff et al, 1997) . Moreover, their generalized application to other elderly populations is limited by the fact that BIA equations are population specific and need to be validated in the actual population in which they are to be applied . To our knowledge, no such BIA prediction equation is available for elderly Europeans developed from population-based representative samples of elderly.
Within the framework of the gerontological and geriatric population studies in Göteborg, SwedenFthe H70 (Rinder et al, 1975; Steen & Djurfeldt, 1993) , and the Nordic research on ageingFthe NORA (Schroll et al, 1993) , body composition in the elderly has been estimated using a fourcompartment (4C) model based on total body potassium (K 40 ) counting and dilution of isotope-labelled water (Steen et al, 1977; Bruce et al, 1980; Bosaeus et al, 1996) as well as with BIA (Steen et al, 1987) . The aim of this study was to develop BIA prediction equation validated against a reference method (the 4C model) and to present reference values for FFM (kg), body fat in kg (FM) and percent body fat (BF%) from representative samples of 70-and 75-y olds.
Methods

Population
This study is based on 823 subjects (344 males, 479 females) aged 70 (500) and 75 (323), belonging to two birth cohorts from Göteborg, Sweden, and was born in 1922 (the H70 V cohort) and in 1915/16 (the NORA75 cohort), respectively. The H70V cohort was initiated in 1992 with a random sample of 753 subjects aged 70 y and living in Göteborg. Five hundred (201 men and 299 females) participated in medical examinations and the response rate was 66%. The responders did not differ from non-responders regarding sex, marital status, prevalence of myocardial infarction and subjective health (Rothenberg et al, 1996) . The NORA75 cohort is based on a random sample of 450, 75-y olds living in Göteborg during 1991/92. Of them, 72% participated in medical and laboratory investigations (191 males and, 259 females). The NORA study is a comparative study on functional capacity and health among elderly from three Nordic localities, namely Glostrup (Denmark), Göteborg (Sweden) and Jyväs-kylä (Finland) (Schroll et al, 1993) . The responders did not differ from non-responders regarding sex, marital status, income, diagnosis of diseases and number of daily prescribed drug consumption. Of the non-responders 45 (55%) were interviewed by telephone. The main reason for non-response was 'too healthy to participate' (24%) and 'too ill to participate' (11%). In both cohorts, all medical and laboratory examinations were done at the Department of Geriatric Medicine, Göteborg University. The participants were instructed to come for examination in the morning after an overnight fast and no alcohol consumption or smoking later than 10 p.m. on the preceding day. Informed consent was obtained from all subjects and the study was approved by the Ethics Committee for Medical Research at Göteborg University.
Body composition was measured with BIA aiming at all participants of both H70V and NORA75 cohorts. Due to secondary non-response and technical errors, valid data on BIA were available for 335 (155 males and 180 females) and 253 (115 males and 138 females) subjects from cohorts H70 V and NORA75, respectively. In the NORA75 cohort, every second participant was invited for the assessment of body composition by estimation of total body potassium (TBK) and TBW and 123 (56 males and 67 females) participated. Among them 106 subjects (51 males and 55 females) were available with valid data on anthropometric and BIA characteristics. The body mass index (BMI) of these 106 subjects ranged from 19.2 to 33.6 kg/m 2 in males and 16.6 to 38.8 kg/m 2 in females. They were used to develop a prediction equation for FFM by BIA with FFM derived from the 4C model (using both TBK and TBW) as a criterion measurement and then applied to both H70 V and NORA75 cohorts.
Anthropometry and body composition methods Anthropomelty. Height (cm), body weight (kg), and waist circumference (cm) were measured in the morning with the subjects wearing light clothing and the procedures have been reported elsewhere (Steen et al, 1977; Rundgren et al, 1984) . Hip circumference was measured (cm) at the level of the widest circumference over the greater trochanters. The waist to hip circumference ratio (WHR) was calculated as waist circumference (cm) divided by hip circumference (cm).
Bioelectrical Impedance Analysis. Resistance (R) and reactance (X c ) were measured by a four-terminal impedance analyzer (model BIA-101, RJL system, Detroit) according to the standard procedures described elsewhere (Lukaski et al, 1986) .
(4C) model of body composition from TBK and TBW. Body composition was measured with a 4C model with measurements of body weight (BW), TBW and TBK. This method is being used in our laboratory over two decades and the procedure has been described elsewhere (Bruce et al, 1980; Bosaeus et al, 1996) . In this study, a 4% correction was applied to the measurement of TBW. In the 4C model, BW is the sum of four compartments: body cell mass (BCM), extracellular water (ECW), fat-free extracellular solids (FFECS) and BF ( Figure 1 ). Input variables are: TBK, TBW, BW and normal body weight (BW norm ). The calculations of BCM, ICW and ECW are shown in Figure 1 . FFECS were assumed as a constant fraction (12%). BW norm was taken from the Swedish population reference tables (Bengtsson et al, 1981) . Fat-free mass from 4C model (FFM 4C ) was calculated from the formula FFM 4C ¼ BCMþECWþFFECS.
Statistical methods
Descriptive statistics were calculated for anthropometric and BIA characteristics and are presented in Table 1 . Simple regressions were calculated to test the correlation between FFM 4C and FFM predicted from BIA (FFM BIA ). FFM 4C was used as the criterion measurement and stepwise multiple regression analysis was performed to derive a prediction equation. Predictor variables entered into the regression model were the square of body height divided by resistance (H 2 /R), weight and sex (Table 2) . BMI, WC and WHR did not correlate well with FFM 4C and therefore were not entered as predictor variables in the regression model.
The PRESS (predicted residual sum of squares) statistic was calculated for cross-validation of the BIA prediction equation (Guo et al, 1996; Roubenoff et al, 1997) . In the PRESS procedure, each subject in the total data set is excluded one at a time and the value for each omitted subject is predicted. The difference between the observed and the predicted value is called PRESS residual and the sum of squares of the PRESS residuals equals the value of the PRESS statistic (Myers, 1986; Roubenoff et al, 1997) . Bland-Altman (1986) analysis was done to assess the agreement between FFM 4C and FFM BIA . The new equation for FFM BIA was then applied to all subjects with BIA data at NORA75 (115 males and 138 females) and H70V (155 males and 180 females), aged 75 and 70, respectively.
Fat-free mass index (FFMI) was calculated from FFM BIA (kg) divided by height (m) squared. BF was calculated by subtraction of FFM BIA from body weight (kg). Body fat index (FMI) was calculated from FM (kg) divided by height (m) squared. BF% was calculated from FM (kg) divided by body weight (kg) and multiplied by 100.
Results
Anthropometric and BIA characteristics Anthropometric and BIA characteristics of the study population are shown in Table 1 . The 70-y-old males and females were taller and heavier compared to 75-y olds. Resistance (R) Figure 1 4C model of body composition as derived from measurements of BW, TBW, and TBK (Bruce et al, 1980) . was significantly higher in 75-y olds compared to 70-y olds only in males. Reactance (X c ) values in 75-y olds were significantly lower in both sexes compared to 70-y olds (Table 1 ). There were no significant differences in anthropometric and BIA characteristics among 75-y olds with or without body composition data from the 4C model (the population used in developing prediction equation from BIA) ( Table 1) .
Prediction equation for FFM from BIA
The prediction equation that best predicted FFM 4C based on BIA and anthropometric parameters in 106,75-y olds is
where H is the height in cm, R is the resistance in O, weight is in kg, and sex ¼ 0 for females and 1 for men.
The new equation correlated well with the FFM 4C (r ¼ 0.95). The correlation, mean difference and agreement between FFM 4C and FFM BIA are shown in Figures 2 and 3 , respectively. The mean difference and 95% confidence intervals between FFM BIA and FFM 4C was 0.00 and 75.21 kg, respectively. The standard error of estimation (SEE) of FFM BIA was 2.64 kg when the equation is applied back to the population in which it was derived. The predictive capability of the new equation was judged using the PRESS statistic, where a good agreement was observed between the residual sum of squares (RSS ¼ 727) and the PRESS statistic (781).
Fat-free mass in kilograms Age and sex-specific mean values of FFM (kg), FFMI (kg/m 2 ) and percentile distribution of FFM (kg) are presented in Table 3 . The mean FFM (kg) was higher among males compared to females in both 70-and 75-y olds. The 70-y olds generally had higher FFM than 75-y olds. However, the mean difference reached the level of statistical significance only in males (P ¼ 0.001) but not in females (Table 3) .
Body fat in kilograms
Age and sex-specific mean values of FM (kg), FMI (kg/m 2 ) and percentile distribution of FM (kg) are presented in Table 4 . The mean FM (kg) was higher among females Body composition estimation DK Dey et al compared to males in both 70-and 75-y olds. The 70-y-olds had somewhat higher FM (kg) than 75-y olds in both sexes (Table 4) .
Percent body fat
Age and sex-specific mean values and percentile distribution of BF% are presented in Table 5 . The 70-y-old males and females had higher BF% than 75-y olds. In both age groups, females had more BF% than males (Table 5 ). In summary, although both FFM and FM were lower in 75-y olds, compared to 70-y olds, the differences were proportionally larger for fat, resulting in a BF% of 31 in 75-y olds, compared to 33 in 70-y olds.
Discussion
Population-based sample The subjects in this study were representative of the community-dwelling elderly in Göteborg, Sweden. The responders of these cohorts did not differ from the nonresponders with regard to sex, marital status, income and a number of health parameters (Schroll et al, 1993; Rothenberg et al, 1996) . Anthropometry and BIA were performed in 106 subjects (equation population) by two trained technicians. There were no significant inter-observer variations between these two technicians in any anthropometric measures and reactance values but resistance values only in females (technician 1: 573765, technician 2: 608748).
Predictive capability of the equation
A close agreement between PRESS (781) and the observed sum of squares (727) suggests that the SEE obtained in the population (from which equation is developed) is a valid estimate of the new BIA equation's predictive capability . H 2 /R alone accounted for 89% of the variability and, weight and sex also added significantly to the prediction of FFM by BIA (Table 2) . It has been argued that reactance is an essential predictor variable for developing BIA equation for FFM in elderly population (Kyle et al, 2001a) . In this study, reactance was poorly and negatively correlated with FFM 4C (r ¼ À0.0364) and did not significantly modify the prediction model.
The BIA prediction equation for FFM developed from 75-y olds was applied to 70-y olds with an assumption that any differences between these have similar-aged populations would not be biologically significant in the context of prediction equations for body composition. Since body weight of 70-y-olds were higher compared to 75-y-olds we tested if the prediction capability of the model is dependent on body weight. Thus, body weight (kg) was plotted against the difference between observed and predicted values of FFM (kg). The correlation coefficient was 0.207 (P ¼ 0.033) and the predicted values showed large variations in the highest body weight level, but did not indicate that the prediction model should be different for low and high body weight levels. Calculation of spline regression with model allowing different slopes for body weight below and above 70 kg (median value) resulted in an r 2 -value of 0.911. Taking into account that the spline regression model has one extra variable than the original model (r 2 ¼ 0.909) the difference in r 2 between the two models is insignificant. This indicates that there was no systematic error introduced when the prediction equation was applied to 70-year-olds with relatively higher mean body weight than the population from which the equation was generated.
Methodological considerations
The criterion method used in the present study to validate FFM BIA is a 4C model of body composition with measure- ments of height, body weight, TBK and TBW (Bruce et al, 1980; Bosaeus et al, 1996) . The available prediction equations of FFM BIA for elderly individuals are validated either against densitometry (Deurenberg et al, 1989; Baumgartner et al, 1991) or against DXA Kyle et al, 2001a) . In the elderly population, skeletal demineralization with ageing leads to a loss in the high-density mineral fraction and creates the potential for a lowering of fat-free density (Heymsfield et al, 1989) . The advent of DXA has improved the precision and accuracy of bone-mineral density determination but its applicability as 'a gold standard' for body composition research has been questioned (Roubenoff et al, 1993; Ravaglia et al, 1999 ). The 4C model based on a combined method of measuring TBW and TBK has been used in our laboratories for more than three decades, and advantages and limitations of this method have been reported elsewhere (Bruce et al, 1980; Steen et al, 1987; Heitmann, 1990; Bosaeus et al, 1996) . The multi-compartment models have the advantage that it may not use assumptions of a constant composition of the FFM, as both the TBW and body cell mass are measured, leaving BF and FFECS as the remaining part of BW (Heitmann, 1990) . The tritiated water measures overestimate TBW ranging from 0.5 to 5.0% due to exchange of hydrogen of tritiated water with those of the proteins and carbohydrates of the body Sheng & Huggins, 1979) . Therefore, in this study, a 4% correction for hydrogen isotope exchange was applied to TBW measurement.
Although the measurements of TBK probably have the highest precision, it is not proven to what extent the assumptions used to calculate FFM from TBK are valid in the elderly (Steen et al, 1987) . A systematic loss of TBK has been found with ageing (Flynn et al, 1989; Kehayias et al, 1997) , and the 'constant' hydration coefficient of BCM or the constant density of FFM may not hold in the elderly population (Kehayias et al, 1997) . On the other hand, several investigators have found no relation between FFM hydration and age (Schoeller, 1989; Visser et al, 1997) . Calculation of FFECS possesses a source of error, since FFECS are not measured in the 4C model and is based on the assumption that FFECS is 12% of 'normal' weight for height (Bruce et al, 1980) .
Comparison of anthropometic and BIA characteristics
The resistance and reactance values of the 75-y olds (equation population) were consistent with New Mexico Aging Process Study (NMAPS) population (mean age 76.275.6 in males and 75.8775.8 in females) . The resistance value of 75-y-old women in this study (591759) was higher than women (566+64) with similar age from Glostrup, Denmark (Svendsen et al, 1991) . The resistance and reactance values of 75-y olds in this study were lower than elderly people from Geneva, Switzerland (age 75-84) (Kyle et al, 2001b) . The 75-y-old males and females in this study are taller and heavier than NMAPS, Geneva and Glostrup studies with an exception of females in the latter study (Svendsen et al, 1991; Roubenoff et al, 1997; Kyle et al, 2001b) . BIA characteristics of 70-y olds were lower compared to males and females aged 65-74 from Geneva (Kyle et al, 2001b) .
FFM and FM
The FFM of 70-and 75-y olds in this study (Table 3 ) was higher in both sexes compared to the Geneva population of age groups 65-74 and 75-84, respectively (Kyle et al, 2001b) . The FM was higher in our population in both ages at 70 and 75 (Table 4 ) compared to the Geneva population of age groups 65-74 and 75-84, respectively (Kyle et al, 2001b) with an exception in 75-y-old females. The BF% in our study population (Table 5 ) at both ages (70 and 75) were higher than the Geneva population of those two age groups with an exception in females aged 75 years.
Conclusions
The mean and percentile values of FFM (kg), FM (kg) and BF (%) presented in this study can be used as reference values for healthy Swedes aged 70 and 75 since they have been developed from population-based representative samples. However, further studies are needed to test the applicability of these reference values among diseased or hospitalized elderly.
